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In an earlier paper (Parker,  1925 a) it was shown that the quiescent 
lateral-line  nerve  of  the  dogfish,  Mustelus  canis  (Mitchill),  dis- 
charges COs at the average rate of 0.0095 rag. of this gas per gram of 
nerve  per  minute.  This  nerve  is  a  pure  sensory nerve  containing 
nothing  but  relatively large  medullated nerve-fibers associated with 
the lateral-line  organs.  A histological study of it shows no evidence 
of non-medullated  fibers  so  common  in  most vertebrate nerves.  In 
consequence of this peculiarity and of the large size of its fibers this 
nerve is a  very satisfactory one for fiber counts and,  as its COs out- 
put can be measured,  it is a  favorable object for the problem taken 
up in this paper, namely,  the amount of COs excreted by one centi- 
meter  of nerve-fiber in one minute. 
Two lateral-line  nerves,  numbered  I  and  II,  were  tested  in  this 
research.  Their  CO2  output  was  determined  by  the  method  de- 
scribed in my previous paper (1925 a, p. 643).  The glass respiratory 
chamber  that  was  used  was  one  that  required  0.018,752  rag.  COs 
to change its contents from pH 7.78  to pH 7.36.  Under the condi- 
tions of the tests this chamber had an average leakage  of 0.000,095,2 
rag.  COs per minute.  In nerve I  the  tests averaged in length  14.8 
minutes.  Hence  the  leakage  over  this  period  was  14.8-times  the 
amount  for  one  minute  or  0.001,409  rag.  CO2.  Subtracting  this 
from the amount  of the total  CO~, 0.018,752  rag.,  leaves the weight 
of  this  gas  produced  by  the  living  nerve  or  0.017,343  rag.  This 
may be called the organic  COs for nerve I  (Table I).  By a  similar 
method of calculation it can be shown  that  nerve II whose average 
period of testing was 12.5  minutes and in consequence of which the 
leakage must have been 0.001,190 rag.,  must have had an output of 
organic  COs of 0.017,562  mg. 
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The organic  CO2  discharged by the  two nerves is in part the prod- 
uct of their nervous elements and in part  that  of  their  non-nervous 
constituents,  connective  tissue,  blood-vessels,  etc.  (Parker,  1925  b). 
To  determine  the  amounts  of  CO2  from these  two  sources,  the  pro- 
portions  of  the  two  classes  of  tissues,  nervous  and  non-nervous,  in 
the  given  nerves  were  estimated.  In  making  these  estimates  rela- 
tively large photomicrographs of parts of cross-sections of the nerves 
were  printed  on  photographic  paper  of  very  uniform  thickness. 
These photographs were cut in such a way as to give a  typical sample 
TABLE I. 
Carbon  dioxide  in  milligrams excreted by two  lateral-line nerves,  I  and  II, 
from the dogfish Mustelus canis (Mitchill).  The total COs is given from which is 
subtracted in the case of each nerve the leakage CO2 and the non-nervous COe. 
The resulting nervous CO2 is then divided by the average number of minutes 
for the tests, the lengths of the nerves in centimeters, and finally by the average 
number of nerve-fibers in each nerve giving as a final result the weight of CO2 in 
milligrams excreted by a centimeter of nerve-fiber in a minute. 
Total CO2 ............................... 
No. of nerve  ............................... 
Leakage  .................................. 
Organic CO2  .............................. 
Non-nervous CO2 ........................ 
Nervous CO2 ............................ 
For 1 rain  ................................ 
For 1 cm  ................................. 
For 1 fiber  ............................... 
0.018,752 
I 
0.001,409 
0.017,343 
0.002,879 
0.014,464 
0.000,977 
0.000,081,42 
0.000,000,O43 
II 
0.001,190 
0.017,562 
0.003,126 
0.014,436 
0.001,155 
0.000,075,99 
0.000,000,041 
of the nerve from its center out to its periphery including  its sheath. 
Such  pieces  of photographic  paper  were  then  weighed,  after  which 
all the nervous parts were cut out and  they and  the  remainder were 
weighed separately.  In cutting  out the parts the  axis cylinders  and 
the  medullary  sheaths  were  classed  as  nervous  and  the  rest  of  the 
tissue  as non-nervous.  On  comparing these  two parts it was found 
that  in  nerve  I  the  non-nervous  components  constituted  40  percent 
and in nerve II 47  percent  of the  whole nerve.  The  specific weight 
of  the  nervous  and  of  the  non-nervous  components  are  probably 
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the percents just given  must  be  approximately  correct.  Nerve  I 
weighed  128  mgs.  and  of  this  40  percent  or  51.2  mgs.  must  have 
been  the weight of the non-nervous  component.  Nerve II weighed 
140  mgs.  and  of  this  47  percent  or 65.8  mgs.  must  have  been  the 
corresponding weight in  this  nerve. 
The  rate  of  CO2 production  for connective tissue  and  other such 
materials as made up the non-nervous components of the two nerves 
was determined by testing in the respiratory chamber sheets of con- 
nective  tissue  taken  from  the  wall  of  the  pericardial  cavity of  the 
dogfish.  Three  such  sheets  showed  respiratory  rates  .of  0.0042, 
0.0038,  and 0.0035  mg.  COs per gram  of this  tissue per minute  and 
averaged 0.0038  mg.  Using  this  average for nerve I  with 51.2 mg. 
of non-nervous  tissue  respiring  through  14.8  minutes  the  weight  of 
non-nervous CO, given out for this period is estimated to be 0.002,879 
mg.  For  nerve  II  with  65.8  mg.  of  non-nervous  tissue  respiring 
over a  period of 12.5  minutes the corresponding weight of COs is by 
a  similar  calculation  estimated  to  be  0.003,126  mg.  Subtracting 
these two weights of non-nervous COs from the appropriate amounts 
of  organic  COs  leaves  for  nerve  I  0.014,464  mg.  and  for  nerve  II 
0.014,436  mg.  COs,  to  represent  the  excretions  of  this  gas  from 
strictly nervous sources, the nervous COs in Table I. 
The  average  respiratory  rate  for  connective  tissue from  the  dog- 
fish, 0.0038 mg. per gm. per minute,  is about four-tenths that  found 
for  the  same  type of tissue from  the  frog.  Hence my preliminary 
statement of the amount of COs excreted by one centimeter of nerve- 
fiber in a m~nute (Parker,  1925 c), which was based on a nerve deter- 
mination from  a  dogfish and a  connective tissue determination from 
a  frog,  is probably less  accurate than  that  contained in  the present 
paper in which both determinations  are from the dogfish. 
To excrete the recorded weights of nervous  COs required an aver- 
age period of 14.8 minutes on the part of nerve I  and of 12.5 minutes 
on the part of nerve II.  Consequently in one minute nerve I  must 
have  excreted  1/14.8  of  0.014,464  mg.  or  0.000,977  mg.  CO2,  and 
nerve  II  1/12.5  of 0.014,436 mg.  of 0.001,155  mg.  COs.  These  are 
the  weights  of  nervous  COs  excreted  per  minute  by  each  nerve 
(Table  I). 
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it is necessary to take into account the length of the nerves.  Nerve 
I excreted 0.000,977  mg. CO~ per minute and was 12 cm.long.  Hence 
one centimeter of it must have excreted,on the average 0.000,081,42 
mg.  CO~.  Nerve  II  excreted  0.001,155  mg.  COs  per  minute  and 
was  15.2 cm.  long.  One  centimeter of  this  nerve  must,  therefore, 
have excreted 0.000,075,99  mg. CO2  (Table I). 
To  ascertain how much  CO2  a  single nerve-fiber one  centimeter 
long excretes in one minute, it is necessary to determine the number 
of  nerve-fibers  in  each  nerve.  The  lateral-line  nerve  of  the  dog- 
fish tapers with great regularity from its anterior to its posterior end 
as it gives off fibers to the lateral-line  organs.  It is therefore neces- 
sary to make an estimate of the number of fibers by averaging the 
totals  for  each  end  of  the  nerves.  Cross-sections  were  prepared 
from each  end of each nerve and  the fibers  were  counted in these 
sections.  The  nerves had been  preserved  in  alcoholic formol.  On 
treating this material with osmic acid the nerve-fibers, especially the 
axis cylinders, were brought out with great distinctness and could be 
counted with ease.  For the preparation of this material I  am under 
obligation to Mr. Benjamin Kropp whose excellent technique greatly 
facilitated my work. 
Each nerve in cross-section is seen to be broken up into numerous 
small  bundles  and  these  bundles  can be  conveniently further sub- 
divided.  Thus  small  well  circumscribed  areas  can  be  established 
and marked out under the camera lucida.  Each of these areas con- 
tained  from  twenty  to  thirty fibers  in  cross-section  and  could  be 
worked over under the microscope with and without the camera till 
the  count was  reasonably certain.  In  this way  sections from the 
distal  and  from  the  proximal  ends  of  each  nerve  were  completely 
counted.  In  nerve  I  the  proximal  cross-section  contained  2115 
fibers  and  the  distal  1708 fibers  with  an  average  of  1911.5 fibers. 
In nerve II by a  similar method the average was found to be  1841 
fibers. 
If one centimeter of nerve I  excretes 0.000,081,42  mg. CO~ in one 
minute and contains an average of 1911.5 nerve-fibers, then one fiber 
in such a  stretch excretes on the average 0.000,000,043  nag.  CO2 per 
minute.  Similarly in nerve  II with  1841 fibers  the weight of  CO, 
excreted per minute per centimeter of nerve-fiber was calculated  to G.  H.  PARr~z  195 
be  0.000,000,041  rag.  (Table  I).  Since  these  two  determinations 
average 0.000,000,042  rag., it may be concluded that one centimeter 
Of lateral-line nerve-fiber excretes  on  the  average 4.2  X  10 -8  rag. 
COs per minute.  It might be surmised that so very small a  weight 
of COs as that just stated would approximate molecular proportions, 
but it can be shown easily on the basis of Avogadro's number, 6.06 
X  l0  ss, that so minute an amount of COs as 4.2  ×  10 -s rag. contains 
over 578-thousand-million molecules of this gas. 
SUMMARY. 
One centimeter of nerve-fiber from the lateral-line  nerve  of the 
dogfish is estimated to excrete on the average 4.2 ×  10  -8 rag. COs 
per minute. 
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